The purpose of this paper is to investigate an identification method of magnitude of blasting force using the Kalman filter finite element method. The identification is carried out with estimation at the same time. Acceleration is estimated using actual observation data. As the state equation, the balance of stress equation, the strain -displacement equation, and the stress strain equation are used. For temporal discretization, the Newmark β method is employed and for the spatial discretization the Galerkin method is applied. The Kalman filter finite element method is a combination of the Kalman filter and the finite element method. This is capable of estimation not only in time but also in space directions. However, long computational time is required for computation. To reduce the computational time, the computational domain is divided into two parts, the main and subsidiary domains. In the main domain, filtering procedures are carried out, whereas only a deterministic process is considered for the variables in the subsidiary domain. Eliminating the state variables in the subsidiary domain, a drastically effcient computation is carried out. This method is applied to Futatsuishi quarry site. The site is located in Mt. Minowa in Miyagi prefecture, Japan. The blasting examination was carried out on September, 19th through 22th, 2005. Acceleration is measured by the accelerometer, which was set at two points. One is used as a reference and the other is used as an observation. A velocity is measured by * Corresponding author. kawa@civil.chuo-u.ac.jp the speedometer, which was set also at two points. These are used as observation data. The acceleration is estimated by using observation data and a blasting force. It is necessary to identifiy the blasting force in advance. In this research, two computations are carried out to verify the present method. The identified values are used as blasting forces in the estimation. The estimation values are compared with observation values at estimation points.
INTRODUCTION
It is conventionally important to grasp the state value of the ground at construction sites. This is determined by drilling the ground. The phenomenon is measured to get the state of the ground. But some phenomenon is difficult to observe state values. There are many reasons. For example, as an economical point of view, cost is expensive and as a physical point of view, to set observation equipments is sometimes difficult. The state value can be estimated with limited observation data. However, the observation data is including noise. The noise can be removed by the Kalman filter, which is originally presented by Kalman in 1960 [1] . This is one of an data assimilation method using observation data. The method is based on the stochastic process theory of the state space model and composed of two systems, which are expressed by system and observation equations. It is necessary to find suitable coefficients that minimize the square of error covariance. This coeffcient is called the Kalman gain. An improved value is obtained by multiplying the estimated value by the Kalman gain. However, the Kalman filter is only able to estimate state variables in time. Therefore, by combining the Kalman filter and the finite element method, the Kalman filter finite element method can be applied to estimate state variables not only in time but also in space. Kawahara et al. have presented some papers concerned with the applications ([2] ∼ [9] ). Many other discussions are presented (e.g. [10] ∼ [13] ). There is no previous study of the blasting vibrations by the Kalman filter.
To apply the Kalman filter finite element method to practical use, the most annoying problem is that it takes a long computational time, especially for matrix multiplication. To shorten the computational time, domain decomposition 220
Identification of Dynamic Motion of the Ground using the Kalman Filter Finite Element Method is performed (Fujimoto and Kawahara (2001) ). To reduce the computational time by the modification of the characteristics of the filter, the reduced Kalman filter finite element method is presented in this paper. The entire computational domain can be classified into two domains, i.e., one is the main domain in which the main computation is carried out and the other is the subsidiary domain in which auxiliary computation by the finite element method is performed. The state variables at the nodal points in the subsidiary domain are assumed to be uncorrelated with those in the main domain. The variables in the subsidiary domain are used only for the computation by the finite element method. The state variables in the subsidiary domain are used for a deterministic process. The Kalman filter, including the deterministic variables, can be easily derived. This idea is applied for the estimation of the velocity, acceleration, and displacement in the Futatsuishi site located in Miyagi prefecture Japan.
As the numerical analysis, actual data is used which is measured on September 20th in 2005 at Futatsuishi site. A velocity data at the two points and a acceleration data at the same points are observed caused by the blasting. Two velocity values and an acceleration value are used as the observation data at observation points. The acceleration data at another point is used as the reference at estimation point. Comparing referential value with estimation value by the Kalman filter finite element method, availability of the present method is discussed. However, when estimation is carried out, actual blasting force is unknown. Therefore, it is necessary to identify the magnitude of blasting force in advance. Furthermore, the identification and estimation are carried out at the same time to get more accurate estimation value.
THE KALMAN FILTER 2.1. State Space Model
Natural phenomena can be usually expressed by the following equation; (1) where eq. (1) is referred to as the system equation, in which x k denote state variable at time k, F k and G k are state transition and driving matrices, B k is known term and w k is system noise included at the occasion that the system is discretized, respectively. The observation y k can not be obtained at a whle domain, but, at some limited observation points, thus 
where N(a, A) represents the normal distribution with mean a and covariance A. It is also assumed that (5) where E{} is an expectation operator. Observation data are obtained at each time as;
The optimal estimate x k is an expectation of x k and giving observation data Y k ,
The initial condition is given; (8) where x 0 is a specified value. The state estimate x k using the new measurement y k is obtained as follows; (9) where K k is referred to as the Kalman gain, which will be given later in eq. (16), and x * k is a priori estimate,
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where Γ 0 is a specified value. One step ahead prediction of the state variable is obtained as;
Then, it is found that (15) the Kalman gain can be determined by
and the predicted error covariance Γ k + 1 can be derived as follows:
(17)
REDUCED KALMAN FILTER FINITE ELEMENT METHOD
For the computation of the conventional Kalman filter finite element method, a large computational load is needed. To reduce the load, the computational domain is divided into two parts, one is referred to as the main domain and the other is termed the subsidiary domain. The main domain consists of observation points, estimation points and other related points. At the observation points, the state variables such as the velocity, acceleration, and displacement are measured using instruments. For the estimation points, arbitrary points can be used at which the estimation of state variables can be made. If all the nodal points in an entire computational domain are assumed to be in the main domain, the estimation can be performed in the entire domain. In this research, a state variable at a nodal point is assumed to be uncorrelated with state variables at nodal points located far from the nodal point. For the state variables in a ground area, this assumption is valid as previously discussed by the Suga and Kawahara (2003), Yonekawa and Kawahara (2003) . The maximum length between the considering point and the correlated points is denoted by d m . The points inside the circle of radius d m are referred to as the related points.
The main domain includes the nodal points at which the Kalman filter is applied. Contrary to this, the subsidiary domain is introduced to carry out the finite element computation. The Kalman filter is not applied to the nodal variables in the subsidiary domain. The spatial distribution of the covariance S at a point with distance r i is assumed to be expressed by the quartic spline function as (18) where S stands for Q and R, and S -is the intensity of the covariance. The observation data obtained by normal measurements always show the spatial distribution shown in eq. (18). This fact has already been discussed and verified by Yonekawa and Kawahara (2003) . A schematic view of the distribution of the covariance is shown in Figure 1 . The subsidiary domain includes all the nodal
Identification of Dynamic Motion of the Ground using the Kalman Filter Finite Element Method points other than those in the main domain. Let x k and z k be state variables at the nodal points in the main domain and in the subsidiary domain, respectively. The transition matrix can be divided into four parts and the system equation (eq. (1)) can be described as follows:
In other words, a stochastic process can be applied to the state variable x k only in the main domain. The state variable z k in the subsidiary domain is used for auxiliary computation by the finite element method. Thus, the one-stepahead prediction of the state variable in the main domain can be derived as where the estimator in the main domain is denoted by x k+1 , F k is the transition matrix expressed in eq. (19), and C k is the known term that is expressed as follows: (21) The covariances P k+1 and Γ k+1 can be computed by employing eqs. (15) and (17), regarding x k as the optimal estimation in the main domain. where D ijkl expresses coefficient of elastic stress -strain relation and can be written as, (25) in which δ ij is Kronecker's delta, and Lame's constant λ and µ are 27) where E and ν are the elastic modulus and Poisson ratio, respectively. The boundary S can be divided into S U and S T . On these boundaries, the following condition are specified.
STATE EQUATION
(28)
where û i and t i mean the known values on the boundary and n i is the external unit vector to the boundary.
FINITE ELEMENT EQUATION
Applying the finite element method, the discretized equation with linear tetrahedral element is obtained as follows (30) where displacement at node β in k direction is denoted by u βk . Considering the effect of damping, eq. (30) can be expressed as
(33) 35) in which N α is the interpolation function of the finite element method. For damping, eq. (33) is assumed, where α 0 , α 1 are empirically used damping coefficients.
THE NEWMARK β METHOD
In this paper, the Newmark β method is applied to the finite element equation, in which, acceleration and displacement at the time of (n + 1) are expressed as follows,
Substituting u n+1 βk and ü n+1 βk into eq. (32) and rearranging, the following equation can be derived. 
BLASTING FORCE
Generally, A blasting force is caused in certain short time. The time variation of the blasting force is assumed as a combination of two expotential functions to represent the time variation of the dynamic boahole pressure as:
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where M is the maximum number of computational blasting, A (m) αi signifies the magnitude of m component of the blasting force at nodal point α in i direction, η and ξ are the parameters that identifies characteristic of blasting force in time. In this research, the η and ξ are set as 5000 and 1000, respectively. Then, the A is defined as identified value. 
THE KALMAN FILTER FINITE ELEMENT METHOD
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Algorithm
The algorithm of the Kalman filter finite element method is written as follows. 1).
. Calculate ü n and u n by eq. (32) and eq. (33) 3).
where n expresses the time step, x, ü and u expresses the acceleration and displacement, respectively. Calculation using the observation value can be obtained.
NUMERICAL ANALYSIS (FUTATSUISHI SITE)
The Futatsuishi site is located in Mt. Minowa in Miyagi prefecture, Japan. The area to be considered is about 400[m] × 200[m] on the top of a mountain. As blasting area and observation area is shown in Fig. 2 . The computational model is shown in Fig. 3 . The numerical results by the Kalman filter finite element method are compared with the observation data. Especially, acceleration is estimated at estimation point using observation data of velocity. The total number of nodes and elements are 5603 and 26192, respectively. The boundary condition of the bottom surface is assumed to be slip conditions, which means that displacements in both the x and y directions are free. Time increment ∆t is 0.001 [s] . The empirically used damping coefficients α 0 and α 1 are set as 0.05 and 0.0055, respectively. System error covariance is evaluated as follows. Tohoku Regional Agricultural Administration Office has measured the elastic moduli, Poisson ratios and densities of rock at 50 measuring points distributed over the quarry site according to the pre-
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Identification 
Blasting Force
In estimation, most significant factor is the magnitude of the blasting force. The blasting force is expressed using equation which is assumed as boahole pressure. Therefore it is assumed as follows. (47) where A is magnitude of blasting force. In this research, A consists of three values which are A x , A y , A z . Then, those are identified each others at each time step using the Kalman filter finite element method. A uniformly distributed load perpendicular to the blasting force in x and y directions illustrated in Fig. 4 is assumed. The force in z direction illustrated in Fig. 5 Fig. 8 to 10 show the velocity observation data at each observation point. Figure 9 . Z-velocity at observation point 3. Fig. 11 show the identified value in x, y and z directions. These identified value are used as blasting force at each time. Observed data Estimation data Figure 11 . X-acceleration at estimation point.
RESULTS (Case 1)

RESULTS (Case 2)
In this case, initial values are one tenth of the values in case 1. Fig. 15 show the identified value in x, y and z directions. These identified value were used as blasting force at each time. Figs.16-18 show the comparison of the acceleration between the computed values using KF-FEM and practical data observed at
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CONCLUSION
By applying the reduced Kalman filter finite element method to the actual dynamic ground motion, a computational time and memoly are reduced. The numerical results show that acceleration can be estimated using observation data by the
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Identification of Dynamic Motion of the Ground using the Kalman Filter Finite Element Method Kalman filter finite element method. The computed results and observation values show good in agreement. From the results in two cases, it is shown that although the initial value are one tenth of the identified value, identification and estimation can be carried out at the same time.
